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Domain analysis and object oriented frameworks are among numerous solutions
proposed to product line technology. In Domain-Speciﬁc Software Architecture [27]
for example, the domain engineering of a set of general, domain-speciﬁc requirements
for the product line is followed by its successive reﬁnement, in a series of system en-
gineering cycles, into speciﬁc product requirements. On the other hand [11] describes
the Object-Oriented Framework as a “a reusable, semi-complete application that can be
specialized to produce custom applications”. Here the domain engineering produces an
object-oriented model that must be instantiated, in some systematic way, for each spe-
ciﬁc product required. In this work we combine object-oriented and formal techniques
and tools in domain and product line engineering.
Developers in the avionics industry are interested in the use of object-oriented and
UML technology (OOT) [7, 19] as a way to increase productivity. Concepts such as
inheritance and design patterns facilitate the reuse of requirements and designs. UML
has emerged as the de-facto standard modelling language for object-oriented design
and analysis, supported by a wide variety of tools. Due to concerns over safety certiﬁ-
cation issues however, OOT has not seen widespread use in avionics applications. The
controlling standards used in the industry, such as RTCA DO-178B [12] and its Euro-
pean equivalent, EUROCAE ED-12B [1], do not consider OOT, although this is under
review.
It is widely recognized that formal methods (FM) technology makes a strong con-
tribution to the veriﬁcation required for safety-critical systems; indeed, DefStan 00-55
[20] as well as the avionics standards above recommend the use of FM for critical sys-
tems. It is further recognized that FM will need to be integrated [4] - in as “black-box”
as possible a manner - with OOT in order to achieve serious industry penetration. The
combination of UML and formal methods therefore offers the promise of improved
safety and ﬂexibility in the design of software for aviation certiﬁcation.
One approachto the integrationof FM and OOT is to enhance - at the abstract mod-
elling stage - UML with the minimum amount of textual formal speciﬁcation required
to completely express functional, safety and other requirements. A tool will convert the
customer-oriented abstract UML model to a fully textual model as input to FM tools
such as model-checkers and theorem provers. With suitable tool support for conﬁgura-
tion and project management, this approachwill facilitate the reuse of veriﬁed software
speciﬁcations and consequently code components.
Adoption of formal methods in the safety-critical industry has been limited partly
due to the need for industrial strength tool support. The B method of J.-R. Abrial [2,
23] is a formal method with good tool support, and a good industrial track record,
e.g. [9]. At Southampton, we have for some years been developing an approach of
integratingformalspeciﬁcation andveriﬁcationin B, with UML-baseddesign methods,
in the abovestyle. The UML-B [26] is a proﬁle of UML that deﬁnes a formalmodelling
notation combining UML and B. It is supported by the U2B tool [24], which translates
UML-B models into B, for subsequent formal veriﬁcation. This veriﬁcation includes
model-checking with the ProB model-checker [17] for B. These tools have all been
developed at Southampton, and continue to be extended in current work.